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EXTERNAL EVENTS PSA STATUS

• The second phase of the SWISRUS project, comprising 
of living PSA, external  events  and level-2&3 PSA 
tasks, was started in July 1997, and currently under 
completion 

• The preliminary results of External events PSA are 
obtained and will be published at the end of year 2000 
after: 
– Approval of the preliminary results obtained by NVNPP and 

ERI
– Sensitivity and uncertainty analysis 

Note: Seismic analysis out of the scope of the study



Brief Description of NVNPP-5 Site Related to 
External Events PSA

• Novovoronezh NPP is Russia’s oldest nuclear power plant with 
pressurized-water reactors. 

• The NVNPP site is located 45 km to the South of Voronezh city.
• Novovoronezh city of 30000 population is closest to the site. 
• The territory between Novovoronezh city and NVNPP is occupied by a 

forest of mixed tree type. 
• NVNPP is located at the left bank of the Don river (absolute elevation 

mark of water level is in the range of 81-83 m).
• NVNPP region is located in the area of medium-continental climate. 
• Well-developed transportation net:

– water, railway, and car roads 
• The NVNPP-5 site is situated on three terraces. 

– First terrace (elevation 96 m) - the circulating pump station
– Second terrace (elevation 98 m) – reactor and turbine buildings, spent fuel storage 

building, diesel-generator building, etc. 
– Third terrace (elevation 106.0 m) - administrative building and canteen.



Analysis Approach
Establish screening criteria and 
develop list of external events

Data Gathering and Qualitative 
screening

Hazard frequency and quantitative  screen 
based on low hazard frequency

Bounding assessment for non-screened 
hazards

Full-scope PSA for selected hazards

Documenting 
of the results



Initial Screening of External Events

Qualitative Screening Criteria
• (A) The event cannot occur close enough to the plant to affect it. 
• (B) The event is included in the definition of another event 
• (C) The event is slow in developing and there is sufficient time to 

eliminate the source of the threat or to provide an adequate response.

Quantitative Screening Criteria
• (D) The event either has a very low (<1E-6/year) mean frequency of 

occurrence or has a significantly lower mean frequency of occurrence 
than other events with similar uncertainties and could not result in worse 
consequences than those events.  The uncertainty in the frequency 
estimate for the excluded event is judged as not significantly influencing 
the total risk. 

• (E) The event is of equal or lesser damage potential than the events for 
which the plant has been designed or the event severity required to affect 
the plant has a frequency less than about 1E-6 per year. 



Generic List and Identification of Plant-Unique 
External Hazards

• The generic list includes IAEA and US NRC recommended external events
• The screening walkdown performed 

– NVNPP staff
– SEC NRS safety engineering experts
– ERI representatives experienced in performing IPEE screening walkdown

• Extensive review of information for Plant-Unique External Hazards

– plant layout and design documentation
– site meteorological and hydrological information
– data on potential sources of external events including their location, content of 

hazardous materials, location of air ways and airports within 50 km from site

• The comprehensive list of external hazards was developed

– New IE lost was developed on the base of generic IE list by subdividing some IEs  
into more simple IEs in order to analyze them separately in screening phase

– The plant unique IEs were added to the updated generic list



Data Sources
• NVNPP-5 Safety Analysis Report (SAR)

• PSAR volumes of new WWER units (NVNPP-2)
• Data obtained from the utility

• Information gathered during site visits and walkdowns

• Meteorology and hydrology data collected by the regional central
meteorological office in Kursk City for 16 centers located in 150 region 
near the site and from weather station “Voronezh”
– Data on water level
– Data on rain and snow precepetations
– Winds data
– Data on extreme weather conditions

• Ground elevations and topographic-related data



Results of Screening Analysis
Results of Qualitative Screening

• Walkdown findings were accounted
• A, B, and C criteria for qualitative screening were used

– The list of external hazards qualitatively screened out 
was developed

– The applicable screening criteria, the screening 
disposition, and a basis for screening was identified

Results of Quantitative Screening
• The bounding assessments of frequencies and their effect on 

plant safety for non-screened hazards was performed
– Natural events ( groups)

• External flooding
• Extreme Winds 
• Snow, Ice, and Freezing
• Hot summer temperature

– Man-induced hazards (groups)
• On-site and off-site toxic materials releases
• On-site and off-site explosions



THE EVENTS SCREENED OUT BASED ON CRITERION (A)

1. Avalanche

2.  Coastal 
Erosion

3.  Forest Fire

4.  Hurricane 

5.  Landslide

6. Sand Storm

7. Seiche

8. Tsunami

9. Volcanic 
Activity

• The nature of the topography is such that no avalanche is possible.

• NVNPP-5 is not located within a coastal area.

• There are no forests in the immediate vicinity of the plant (i.e., the site has been cleared 
of trees and shrubs).  Between the nearest forest and NVNPP-5 there is a special anti-
fire bar to resist any possible fires in forests. Protection against smoke is provided by 
ventilation structure.

• There is no potential for hurricanes.

• The site is flat with no hills or mountains nearby. The site is characterized as a sand 
site.

• The ventilation structure is located several stores above the ground level and provide 
adequate protection against sandstorms

• This event is not relevant to the plant region.
• NVNPP-5 is located inland, and tsunamis are not relevant for the region.

• There are no active volcanic features in the vicinity of the site.



THE EVENTS SCREENED OUT BASED ON CRITERION (B,C,D)

10. Lightning

11.  Biological  
Events

12.  Drought

13.  River 
Diversion

14.  Loss of the  
cooling lake

15. Soil Shrink

• There are special ground circuitry and lightening rods on individual buildings.  On 
power transformer lines, there are special discharging devices. The most probable 
consequence is Loss of Offsite power which is already captured under in the 
Internal Events PRA. (B)

• The event is screened out since there would be adequate warning and time for 
plant operating staff to respond accordingly. (C)

• The main source of water for NVNPP-5 is the cooling lake, which is periodically 
filled by pumping water from the Don River. In the event of drought, there would 
be adequate warning and time so that remedial  action could be taken. (C)

• In the event of River Diversion, there would be adequate warning and time so that 
remedial action could be taken. (C)

• In the event of Loss of the cooling lake (e.g., due to loss of recharge), there would 
be adequate warning and  time so that remedial action could be taken. Also the 
availability of the 3-d SWS train provides possibility for safe shutdown even in 
case of loss of cooling lake (C)

• Plant structures have all been designed for the effects of soil movements.  Such 
effects  occur over a long  time period and thus do not pose a significant hazard to 
the plant (i.e., the plant can be safely shutdown, if needed). (C)



THE EVENTS SCREENED OUT BASED ON CRITERIA (B,C,D)

16.  Low Winter
Temperature
(including 
Frost and Ice 
cover)

17.   Hail

18.   Aircraft  
Impact

19.  Meteorite

20. Waves

• The long-term LWT event could lead to loss of offsite power due to 
failure of ceramic insulators or Electric lines, which is already 
captured under in the Internal Events PRA. Another consequences 
could be connected with loss of possibility to recharge artificial lake. 
In this case there would be adequate warning and time so that remedial 
action could be taken. (C,D)

• The most probable consequence of this IE is Loss of Offsite power 
which is already captured under Loss of Offsite power in the Internal 
Events PRA. (D)

• The analysis performed justified that frequency of the event is lower 
than 1.0E-6 per year (D)

• The event has a very low probability of occurrence. The frequency of 
meteor strikes in Russia has  not been found to be higher than in the 
U.S. (D)

• NVNPP-5 is located on the Don River, which does not incur 
significant wave action, other than flood and wind-induced waves.  
Flood and wind induced waves are included under the event External 
Flooding and High Winds (B)



External Flooding
21. Flooding from the 

Don river (including 
Rain precipitation 
and Snow melting)

22. Dam Failure

23. High Lake Level, or 
High River  Stage

24.  Intense Local
Precipitation

Bounding
CDF= 2,2E-5

• The safety concerns are related to the river level 96,2 m, leading to both 
pump houses flooding. Estimated frequency is shown to be less then 10-6

per year. (Criteria E)

• In the event of sequential failures of dams on the Voronezh and Matyra
Rivers for the height of the spring water level on the Don River
correlates to an event having an annual frequency of 10-5 per year the 
maximum water level at NVNPP-5 might increase up to the level of 
96.1 m

• Sources of cooling water : (a) a channel as a source for the 3-d SWS 
train; and (b) a cooling lake that is periodically refilled from the Don 
River as a source for the 1,2,4 SWS trains. Flood overtopping of the 
cooling lake from the river could result in loss of embankment and 
simultaneous loss of 3-rd SWS due to flooding.  This event was 
estimated to have annual frequency of 1.2 10-5 per year (correspondent 
to water level 95.2 m)

• No localized water pathways identified in the immediate vicinity of 
plant buildings. The site is well above the level of the river and thus 
excess water would run down the site to the river without entering the 
plant buildings. The effects on roof ponding and exposed equipment are 
eliminated with the installation of the protection covers under all 
electrical equipment in switch gear compartments. (Criteria E)



High winds and wind-induced effects
25. Extreme Winds 

(including
Direct Winds and 
Direct-Wind-Induced 
Missiles)

26.   Storm Surge

27. Tornadoes (including 
Tornadic Winds and 
Tornado-Induced 
Missiles) 

• Main wind-induced scenarios 
→ Turbine building damage
→ Loss-of of-site power & DG buildings damage

Statistical treatment of meteorological data (48 years available) 
provides estimated frequency for the wind likely damages 
turbine and DGs buildings 7.9E-5  per year

Note:  No fragility analyses have been performed 
Note: No sources for missiles, which could effect 

buildings/equipment were identified 
• Consideration of this event is limited to the effects of a 

tornado on the reservoir function of the cooling lake.  Induced 
water waves under other forms of extreme wind will not cause 
any adverse effects at the plant 

• The number of occurrences of “whirlwind” in the region of 
A=2.25×104 km2 observed during T=14 years was equal to 3

Bounding CDF based on estimated frequency of any tornado class, 
striking the plant  1,4E-5 per year .

Bounding CDF= 9,3E-5 per year



High   Summer temperature

28. Snow Loads
• Main snow-induced scenarios 

→ Turbine building roof damage
→ Loss-of of-site power & DG buildings roof damage

Statistical treatment of meteorological data provides estimated frequency 
for the snow loads which could damages turbine and DGs buildings 
5.1E-5  per year

Note: The analysis of turbine roof features shows that roof has no potential 
to be damaged from snow loads. 

Note: No fragility analysis have been performed.  Recovery actions are 
accounted 

29.High
Summer 
Temperature

Winter Phenomena

• Short-term event can only cause loss of offsite power.  Considered 
implicitly as part of LOSP frequency (B)
The estimated extreme heat period for long-term event required to affect 
plant safety is too long for this site  (C)

Bounding CDF= 5,1E-5 per year



Explosive-Hazardous Material Stored 
Within a 20-km Radius

30. Nearby Facility Accidents
− Nearby Industrial Facility Accidents
− Nearby Pipeline Accidents
− Nearby Release of Explosives

− Nearby Transportation Accidents

31. On-Site Accidents
− Pipeline Accidents
− Release of on-side explosives 
− Transportation Accidents

• The most significant contributors to total 
CDF:

− Hydrogen explosion following the 
accident involving release of total amount 
of hydrogen form turbine generator  

CDF estimated  3.9E-5 per year
• Gas-air mixture explosion following the 

accident involving propane pipe rupture
CDF estimated 5.2E-6 per year

Bounding CDF= 4,5E-5 per year



Toxic Substances Stored Within a 20-Km 
Radius

32. Nearby Facility 
Accidents

− Nearby Industrial Facility Accidents
− Nearby release of Hazardous 

Chemicals
− Nearby Toxic Gas Releases

− Nearby Transportation Accidents

33. On-Site Accidents
− Release of on-side Hazardous 

Chemicals 
− Toxic Gas Releases
− Transportation Accidents

• The most significant contributors to total 
CDF:

− sulfic, nitrogen acids tanks or hydrasin
tank damage

Bounding CDF= 1,9E-6 per 
year



OVERALL RISK PROFILE
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Uncertainty Analysis 

• Main Uncertainty Sources
– Lack of data 

• fragility analysis
• hydraulic analysis
• statistical data

– Methodical Uncertainties
• parametric
• assumptions and limitations
• modeling uncertainties

• Uncertainty Treatment is ongoing
• sensitivity study
• uncertainty sampling 



Conclusion

• Internal Fires and Floods provide a significant impact into 
overall CDF

• Other external Events have a  potential to be a considerable 
contributor into overall CDF

• More realistic analysis are required for a number of 
external events
– Fragility analysis
– Operator response analysis
– Hydraulic analysis etc.

! General Conclusion: External Events are significant 
contributor to CDF, comparable with Internal initiators


